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RESUMEN

Introduccidn: En agosto de 2019, un resultado inesperado en las elecciones

presidenciales generd una variaciéon en el tipo de cambio y la inflacion esperados. El
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objetivo de este estudio es analizar la relacién entre la participacion de mercado y la

decisién de incrementar los precios en la industria farmacéutica en Argentina.

Métodos: Se obtuvieron datos semanales en linea sobre las variaciones de los precios
de algunos medicamentos mediante técnicas de web scrapping, y luego se aplicaron
algoritmos de clasificacién (Random Forests, Gradient Boosting Machine y regresion

logiistica).

Resultados: Los resultados fueron dispares. Se encontré que la participaciéon de
mercado es importante de acuerdo a los métodos basados en arboles (Random
Forests y Gradient Boosting Machine). Sin embargo, en la regresion logistica, dicha

variable no era significativa.

Conclusiones: La volatilidad en el tipo de cambio que siguid al resultado de la eleccidn
causd varios cambios en los precios esperados, y la estructura del mercado
farmacéutico influyd sobre las reacciones de precios resultantes. Los laboratorios que

tenian una mayor participacion de mercado incrementaron sus precios primero.

PALABRAS CLAVE
Mercado farmacéutico; incertidumbre; aprendizaje automatizado.

ABSTRACT

Introduction: In August 2019 an unexpected presidential election result caused a
change in expected exchange and inflation rates. The objective of this study is to
analyze the relation between market share and the decision of increasing prices in

the pharmaceutical industry in Argentina.

Methods: Online weekly data on variations of some medicine’s prices were obtained
using web scraping, and then classification algorithms (Random Forests, Gradient

Boosting Machine and logistic regression) were applied.

Results: The results were mixed: market share was found to have high importance
in tree-based methods. (Random Forests and Gradient Boosting Machine).

However, in logistic regression, this variable wasn't significant.

Conclusions: Exchange rate volatility after the election result caused several
changes on price expectations, and pharmaceutical market structure influenced
the resulting price reactions. Laboratories which owned a higher market share rose
their prices first.
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1. INTRODUCTION

The relationship between market share and drug prices has been well-documented in prior
literature (Lu and Comanor, 1998). Companies wielding greater market power possess the
capability to set higher prices, both during the initial launch of a new drug and in the ensuing
years. In high inflationary environments, companies may find it necessary to raise prices in order
to sustain profits against the backdrop of escalating costs. Considering the variability in market
shares among companies, and thus their differing levels of market power, it becomes a subject
of inquiry whether all companies can uniformly adjust prices, or if those with greater market
power can sustain or augment their profits.

In this paper we examine the relation between market share and the ability of increasing prices
after an exogenous macroeconomic disruption caused by an unpredicted outcome in the
presidential election which took place on August 11th, 2019. After the election, the exchange rate
changed dramatically, and the Argentinian Peso (ARS) lost 25% of its value in four days. Also, the
expected exchange rate for the end of the year increased significantly from 50 to 66,70 ARS
(Central Bank of Argentine Republic [BCRA for its acronym in Spanish], 2019). It is worth noting
that there is evidence of increase in inflation rate after devaluation in Argentina (Barberis, 2021;
Castiglione, 2017; Otero et al,, 2005).

These changes in currency prices and expectations might trigger price strategies among
economic agents. In this regard, the pharmaceutical sector represents a significant case, as the
costs of medicines could pose a barrier to the realization of the right to health, which is a key
objective of public policy (Gutman and Larvarello, 2011; Perehudoff et al, 2019). This study aims
to determine the influence of exchange rate increase and pharmaceutical sector concentration
on prices after the election result on August 11th 2019. The rest of the paper is organized as follows.
The second section presents previous theoretical and empirical studies about the relation
between uncertainty, exchange rate changes and industrial concentration, and price
adjustments. The third section describes methodology and data. The fourth section shows the
results of this investigation. The fifth section presents a discussion of the results. Finally, the sixth
section contains concluding comments.

2. BACKGROUND

Economic policy as a source of uncertainty is currently a relevant topic. This is supported by the
rapid growth in literature studying the relation between uncertainty of economic policy and the
behavior of several microeconomic and macroeconomic variables (Al-Thageb and Algharabali,
2019). A large number of existing studies have examined how Economic Policy Uncertainty Index
(EPU) (Baker et al, 2016) interrelate with commodity prices (Wang et al.,, 2015), or consumer price
index (Jones and Olson, 2013; Balcilar et al, 2016a). This approach would be appropriate in order
to achieve this paper objective. However, no EPU is available in Argentina. Previous empirical
research highlights that EPU and exchange rate volatility are positively correlated (Krol, 2014;
Balcilar et al, 2016b; Dai et al, 2017; Olanipekun et. al, 2019; Chen et. al, 2020). Similarly, but usin
more frequent data, Bartshch (2019) finds the same positive correlation. Also, Kurusawa (2016
finds similar evidence, but points out that, in the long term, this correlation is able to change its
sign.
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The influence of the market structure on prices has been recognized by several authors.
According to Herguera (1994), the relevance of market structure began to rise in the first half of
the 80s. In this period, the American dollar was gaining value but the current account and import
prices were unaffected. This situation motivated Mann’s (1986) and Dornbusch’s (1987)
investigations, which represented seminal contributions that inspired a large number of studies.
These studies developed partial equilibrium models in order to explain why prices in different
sectors (even different firms) changed in different magnitudes as a response to exchange rate
variations. To this end, Kirman and Phlips (1996) developed a model that shows the relevance of
market share to the impact of exchange rate variations on consumer prices.

Several empirical investigations also suggest that price variation, as a response to exchange
rate changes, is different between sectors (Bhottochoryo et. al, 2008; Mallick and Marques, 2010;
He et. al, 2015; Thorbecke and Kato, 2018). However, only some of them point out the market
characteristics as the cause of these differences (Bhattochoryo et. al,2008; Mallick and Marques,
2010; He et. al, 2015; Thorbecke and Kato, 2018).

2.1. Pharmaceutical sector in Argentina

The pharmaceutical sector in Argentina can be classified as an imperfectly competitive market,
characterized by production and consumption complexities. First, the demand is inelastic due to
difficulties of avoiding medicine purchasing when needed to reestablish or maintain a healthy
status. Second, on the supply side, marketing strategies are implemented by firms, affecting the
consumer power of decision, and providing minimum information about their products
(Bramuglia et. al, 2015). Third, even though all laboratories represent a low market share
(Urbitzondo et al., 2013), the two most important pharmaceutical business chambers own 79% of
consumer sales.

Similarly, a high concentration is able to be found if the market is divided by therapeutic class
(3rd level classification of ATC). In 2019, 4.5% of these divided markets were monopolies, while
nearly a 25% of them were characterized by a Herfindahl-Hirschman Index (HHI) higher than
7500 (Statement N° 113 National Commission of Competition Defense [CNDC for its acronym in
Spanish], 2019). Even though a part of the supply is offered by the public sector, most of
governmental laboratories are not authorized by the National Administration of Medicines, Food
and Medical Technology (ANMAT for its acronym in Spanish) to sell their products to the public
(Somtos and Thomas, 2018; Bramuglia et al., 2012). Also, these laboratories are located in Buenos
Aires, Santa Fé and Cérdoba, which represents a non-uniform territorial distribution (Santos and
Thomas, 2018).

This sector interdependence is another relevant factor, mainly, due to its relation to the health
care market. This market’s distortions are able to impact on the pharmaceutical one (Alomar et
al, 2005). Similarly, medicines are an important component of many households' expenditures
which can represent a regressive income factor (Apellq, 20086; Perticara, 2008).

3. DATA AND METHODS

We obtained medicine prices by web scraping, which is an automatized computational
technique used to extract high frequency online information at a lower cost than traditional price
surveys. This procedure was applied to the web catalog of a retail pharmacy chain called
Farmacity and a total of 29,034 observations were retrieved, one of each week between 12th
August and 3rd September. 46% of these observations were classified as price increases, which
represents a balanced sample.

On the other hand, market participation data, understood as the producing laboratory’s share
of retail sales, were obtained from a technical report done by the CNDC. These data are
presented in Graph 1.
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Graph 1. Retail sales share by laboratory
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Source: Own elaboration based on a technical report of pharmaceutical market structure (Statement N° 113
CNDC, 2019).

A dependent variable (@um:) was defined as a dummy equal to one if a medicine price,
measured in ARS, was higher than the previous week. Otherwise, @t was set to zero. As
independent variables we used the market share of the medicine manufacturing laboratory (
cenc) and the difference between the exchange rate in the previous week and the one before
(v_usd ). The variable v_u sd represents the observed exchange rate variation.

The variable that represents the exchange rate’s evolution is established as the difference of the
maximum values (P_usd) of the two previous weeks, as exposed in the following equation

vousdmx, = 1{ Pl sdﬂ_l} - {p_ u.:d'ﬂ_z}
The exchange rate was obtained from the sale price of the American Dollar, as published by
BCRA. Graph 2 depicts the daily exchange rates during the period of analysis. A sudden increase
is observed after August 11, 2019, the day of the presidential election.

Graph 2. Daily exchange rate (29 July 2019 - 5 September 2019)
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We find it important to distinguish between pharmaceutical national laboratories and foreign
counterparts. A dichotomous variable (lab_arg) takes a value of 1if the laboratory producing
the medicine is Argentine, and 0 if it is a foreign laboratory. This information was extracted from
the Indu)striol Chamber of Argentine Pharmaceutical Laboratories webpage (CILFA, acronym in
Spanish).

The choice of whether to increase the price or not may be significantly influenced by the drug
associated with each medicine. For this reason, we introduce principal drugs as dichotomous
variables. We consider only the 15 most frequently used drugs in our sample.

Additionally, the weeks following the election results serve as an important signal for
understanding how the price increase adjusts over time. It is expected that detecting a price
increase becomes less likely in the subsequent weeks after the event. Therefore, an ordinal
variable (t) is included in the estimations.

To fulfill the objectives of this investigation, we conducted estimations using logistic regression,
Random Forests, and Gradient Boosting Machine. The dataset was split into a training set (90%)
and a test set (10%). Therefore, the training set was utilized for parameterizing the models, and
the performance of each model was evaluated using the test set. All estimations were
implemented using the R programming language (R Core Team, 2022). With the exception of
logistic regression, specific packages in R were employed to execute the algorithms.

The Logistic Regression is useful when the dependent variable is binary. A Bernoulli distribution
of the predicted event is assumed, what in this paper is the increase of a medicine price (
aum =1} The regression’s parameters correspond to the independent variables and the
regression is modeled as follows

expexp (o + Fx;)

l4expia $0x)

-""[-fj]=

where x is the independent variable vector. If the denominator is simplified and the exponents
are deleted, the previous equation is expressed as follows

Ht( P{.:I.-_;.:' ) = +ﬁ-l',
1= Pix;)

The previous expression indicates that the logistic model can be stated as the quotient of event
probabilities (odds-ratio). Also, it shows how the coefficients directly impact on this ratio (Hair et
al, 2014).

Breiman (2001) has suggested the utilization of classification and regression trees (CART) in
order to generate a classifier algorithm by applying the mean of a large enough number of
interrelated trees. This algorithm, called Random Forest (RF), assumes that multiple tree creation
reduces the variability in comparison to any individual tree, and minimizes the final model
overfitting. This corresponds to an assembly methodology, because the final model is composed
of hundreds (or thousands) of predictive ones, independently created (Hastie, 2009).

The first step consists of subsampling a part of the observations by bootstrapping (Typically, 2/3
of the training data). Every generated tree will be composed by a number of 7 < x predictors
(James et al,, 2013). This procedure is performed n times, generating a different classification tree
every time.

As a result, the prediction of a higher price is decided by votes, which means that the medicine
final classification will depend on how it was classified most of the times:

lf;‘ (x) = majority votes {If.‘}i‘

In this research, the implementation of RF algorithm is through the packages caret (Kuhn, 2008)
and Ranger (Liaw & Wiener, 2002) from R.
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In contrast to RF, in which every tree is independent to the previous ones, Friedman (2001) has
suggested the construction of an algorithm by a sequential tree building, which allows using
previous tree’s information. T, lf methodology is named Gradient Boosting Machine (6BM), and
it minimizes a loss function that measures the difference between the real and estimated
value.

Consequently, the classifying method proceeds recursively n times in order to adjust the h
parameter using previous models (F). Therefore, the last iteration of the model is able to be
established as

Fl= FT 4 g hix)

The # value is called the learning rate and, in comparison to RF, the algorithm is indifferent about
the variables employed in every tree, but it considers the ramifications in each one (d). The
implementation of GBM applied was with the gbm package (Greenwell et al,2022)

An inherent challenge in tree-based models such as Gradient Boosting Machine (GBM) and
Random Forests (RF) is the loss of interpretability. Unlike linear models like logistic regression,
where coefficients indicate the contribution of each variable to the outcome, "black-box" models
like RF and GBM lack this transparency.

Addressing this issue, an intriguing question arises: how can we evaluate the impact of features
in such "black-box” models? A valuable approach to enhance interpretability in machine
learning is the utilization of model-agnostic methods. The model-agnostic approach refrains
from imposing assumptions about the intrinsic characteristics of the model (Molnar, 2022).

While various methods exist, we specifically selected the permutation feature importance
method to assess the interpretability of our tree-based models. This approach enhances
explicability without relying on assumptions about the internal structure of the model.

In the feature importance procedure, the conventional approach involves running a model with
all variables in the original data [X'). Subsequently, the variable of interest (%) in the vector with
E‘he total independent variables (X'} is permuted, and the model is rerun. The resulting matrix
perm disrupts the linkage between *iand the variable of interest in predicting aum. The metric
used to measure the loss of feature importance due to permutation is the cross entropy (CE),
which quantifies incorrect predictions. This metric is defined as:
LY

1
CE(awm, @om) = - E[ aum,; log log (p;) + (1 — aum,;) log log (1 — p;)]

Here n is the probability that a price was higher than the previous week, and a low value of CE
indicates a well-fit model. High values of CE suggest that the variable is crucial to the prediction,
as its absence adversely affects the model's performance. In contrast, the package iml (Molnar
et al, 2018) provides an interesting application of Feature Permutation Importance.

4. RESULTS

The logistic regression estimation results, as presented in Table 1, indicate a significant
relationship between a price increase and variations in the exchange rate. Additionally, it reveals
a statistically significant association between the decision to raise prices and whether the
producer is a national laboratory.

The week following the elections plays a crucial role in the strategic decision to anticipate and
adjust the current prices. As expected, a greater number of weeks after the elections negatively
and significantly impacts the likelihood of a price increase.
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Table 1. Logistic regression

Coefficient Standard t-value p-value
error

(Intercept) -0,676 0,055 -12,288 0,000*
t -0,145 0,022 -6,704 0,000*
conc -0,946 0,732 -1,292 0,196
v_usd 7,444 0,121 61,548 0,000*
lab_arg 0,313 0,036 8,633 0,000*
carvedilol -0,065 0,130 -0,500 0,617
metformina -0,035 0,132 -0,267 0,789
pregabalina 0,252 0,136 1,847 0,065
rosuvastatina 0,203 0,142 1,434 0,152
quetiapina 0,232 0,157 1,476 0,140
alprazolam 0,170 0,154 1,107 0,268
enalapril 0,533 0,153 3,480 0,001*
ibuprofeno 0,461 0,155 2,984 0,003*
diclofenac -0,225 0,158 -1,422 0,155
amoxicilina 0,133 0,159 0,836 0,403
atorvastatin 0,518 0,162 3,190 0,001*
sildenafil -0,085 0,164 -0,521 0,603
clonazepam 0,236 0,167 1,416 0,157
risperidona -0,152 0,177 -0,859 0,390
claritromicina 0,026 0,175 0,146 0,884

N=28807 AIC=27872 *=:significant (Confidence Interval of 95%)
Source: own elaboration.

Another noteworthy finding is the lack of significance regarding the market share. According to
the logistic regression estimation, there seems to be no linear relationship between the decision
to increase the selling price and the percentage of sales held by the laboratory across the brand.

The confusion matrix of the logistic regression (Table 2) illustrates the model's performance on
the training set. The logistic regression accuracy stands at 59.94%, with better performance in
predicting non-increased prices (60.36%) than in predicting price increases (56.52%).
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Table 2. Confusion matrix (reg. log.)

Observed
Not .

. Increased % correc. clasif.

increased
~ Not 1701 1134 60,00%

Predicted increased
Increased 20 26 56.52%
Accuracy 59.94%

Source: own elaboration.

When applying the Random Forest (RF) model, the prediction results are presented in Table 3.
We utilized a grid search with cross-validation (CV=5) to fine-tune the model, adjusting the
following hyperparameters: the number of trees, features in each tree, and the minimum node
size.

For the number of trees, the optimal choice was 1000, selected from a range of 500 to 3000 trees.
Regarding the features, we experimented with values between 5 and 19, and the highest
performance was achieved with the maximum number of features (19). The chosen node size
was 5, with values explored in the range of 1to 5.

The accuracy of the RF model stands at 73.81%, significantly surpassing that of logistic regression.
Furthermore, the correct prediction of a price increase is 84.40%, outperforming predictions of
non-increases (74.17%).

Table 3. Confusion matrix (RF.)

Observed
Not increased Increased % correc. clasif.
Not increased 1528 532 74.17%
Predicted
Increased 193 628 84.40%

Accuracy 74.85%

Source: own elaboration.

An essential consideration is the interpretability of the Random Forest (RF) model. Graph 3
illustrates the feature importance based on cross-entropy. According to the RF analysis, the most
relevant features are the week (t) of the election, market share (conc), and the difference
between the exchange rates in the week (vousdmx).
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Graph 3. Feature Importance (RF)
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Similar to the RF, the Gradient Boosting Machine (GBM) was fine-tuned using a grid search with
cross-validation (CV=5). In this model, we adjusted the number of trees, learning rate, and the

number of splits it performs on a tree.

The optimal performance of this model was achieved with 1500 trees, tested in a range from 500
to 3000 trees. The most effective learning rate was found to be 0.009], explored with steps of
0.0001, and 20 splits on a tree, tested within a range of 5 to 40 splits.

Table 4. Confusion matrix (GBM)

Observed
Not .

. Increased % correc. clasif.

increased
~ Not 1528 531 74,21%

Predicted increased
Increased 193 629 76,52
Accuracy 74.87%

Source: own elaboration.

Table 4 presents the confusion matrix, indicating that the accuracy of this model is 74.87%, which
is comparable to RF. However, the key distinction lies in the analysis of feature importance. Graph
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4 illustrates that the most critical feature is the variation in the exchange rate, followed by the

week (t), and in the third position, the market share (conc). Additionally, the nationality of the
laboratory (whether Argentine or not) plays a significant role in the decision to increase the price.

Graph 4. Feature Importance (GBM)
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Source: own elaboration.

An important insight provided by both Random Forest (RF) and Gradient Boosting Machine
(GBM) is the significance of the market share as a crucial variable in prediction. The absence of
significance for this variable in logistic regression suggests that it exhibits a nonlinear
relationship with the logarithm of the odd ratio of the decision to increase the price. Additionally,
variables such as exchange rate (vousdmx), week of the change (t), and the Argentinean origin
of the laboratory (lab_arg) consistently appear as the most important features in both models
for achieving accurate predictions.
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Graph 5. ROC curves.
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The analysis of the Receiver Operating Characteristics (ROC) curves and the area under them
indicates that logistic regression performs less effectively compared to other methods, as
illustrated in Graph 5. According to this analysis, the superior predictive power is evident in GBM
and RF, showcasing the lowest false positive rates and highest true positive rates across all
possible cutoff criteria.

5. DISCUSSION

Our investigation enhances this literature by empiric estimations using Argentinian data. These
estimations support the hypothesis that the response of pharmaceutical consumer prices to
exchange rate variations is influenced by the market structure. However, this paper focuses on
the decision of changing prices instead of the magnitude of these changes. Probably, in order to
complete the investigation, further estimations will analyze the cost of the menu phenomenon
using these data.

Analyzing the results of logistic regression, the association between the most prevalent drugs
shows significance for ibuprofen, atorvastatin, and enalapril. Regarding ibuprofen, it is essential
to emphasize its analgesic effect and its categorization as an Over-the-Counter (OTC)
medicine, strongly linked with self-medication (Aguilar et al., 2015).

Conversely, atorvastatin is employed for reducing cholesterol levels in individuals diagnosed
with high blood cholesterol and for the prevention of heart disease (Mayo Clinic, 2023). Enalapril,
on the other hand, is used for managing elevated blood pressure and is employed in
combination with other medications for the treatment of congestive heart failure (Medications
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Committee of the Spanish Association of Pediatrics, 2015).

It is worth noting that national laboratories are associated with a higher likelihood of price
increase. This result might be explained by different factors. Firstly, this group could have an
important knowledge about the uncertainty in macroeconomic changes for the Argentina
situation. Secondly, these companies could be an important set of laboratories who constitute a
pressure group taking the decisions in the same way with a high market share. This last potential
explanation is reinforced for the absence of significance of the variable conc in the logistic
regression. All these possible causes are a matter of further research.

6. CONCLUSIONS

In the aftermath of the election results on August 11th 2019, the pharmaceutical sector withessed
several changes in price expectations due to exchange rate volatility. This study explored the
phenomenon, considering market shares of manufacturing laboratories, variations in the current
exchange rate, the specific drug of the medicine, and whether the producer is an Argentinean
laboratory as relevant explanatory variables.

The logistic regression estimation revealed that national laboratories were the first to increase
their prices. These findings support the notion that such laboratories may possess more
information about the national economic situation. Conversely, market share did not prove to be
significant. The variation in the exchange rate showed the highest coefficient, indicating
evidence of pass-through. Weeks after the election, specific medicines demonstrated an impact
on the decision to increase prices.

Other classification techniques were applied, highlighting higher predictive power in tree-based
methods (GBM and RF). A key result from these methods was the improvement in prediction
accuracy and the identification of important features. Notably, market share emerged as a
crucial explanatory variable. It's essential to emphasize that these models are constructed
considering nonlinear relationships between variables.

Moreover, the study underscores the importance of public policy in the pharmaceutical market,
given its impact on the objective of universal health coverage. This issue is of significant public
interest due to its profound implications for people's well-being (Alomar et al., 2006).

Finally, for future research directions, it is crucial to analyze additional explanatory variables.
Given the availability of weekly prices, investigating how dynamic price adjustments occur under
a menu cost theoretical framework would provide valuable insights.
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